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Original Article

Which Screening Questionnaire is Best for Predicting 
Obstructive Sleep Apnea in the Sleep Clinic Population 
Considering Age, Gender, and Comorbidities?

INTRODUCTION

Obstructive sleep apnea (OSA) is the most common sleep-disordered breathing, characterized by recurrent obstruction 
of the upper airway during sleep. It has been estimated that 1 in 5 adults has at least mild OSA and 1 in 15 has at least 
moderate [1]. Previous studies demonstrated that 80% of individuals with moderate-to-severe OSA may remain undiag-
nosed and furthermore untreated [2]. Untreated OSA is associated with serious adverse health consequences, including 
hypertension (HT), coronary artery disease (CAD), stroke, neurocognitive dysfunction, and metabolic syndrome [3]. OSA 
is also a preventable risk factor for motor vehicle accidents [4]. Considering the growing prevalence rates and adverse 
health consequences of OSA, it is critical to identify high-risk patients for OSA [5]. The gold standard diagnostic method 
for OSA is overnight polysomnography (PSG). However, PSG is an expensive and time-consuming process. Long waiting 
periods for polysomnographic studies are still an important problem for the diagnosis of OSA [2]. To assist in managing 
long waiting lists by identifying patients at high risk for OSA, several screening questionnaires have been developed. 
Screening questionnaires can be used to prioritize patients for PSG [6]. Depending on the population to which the ques-
tionnaire is applied, characteristics of the ideal screening tool can differ. What is expected from an ideal screening 
questionnaire in a sleep clinic population is high sensitivity with an acceptable specificity. It is important to avoid missing 
cases in sleep clinic population [7]. The Epworth Sleepiness Scale (ESS), Berlin Questionnaire (BQ), and STOP-Bang 
questionnaire are the most popular screening questionnaires used for the detection of patients at high risk for OSA [8].

The purpose of this study was to evaluate the predictive power of the screening questionnaires including the ESS, Berlin, 
and STOP-Bang to identify high-risk patients for OSA in a sleep clinic setting with consideration to age, gender differ-
ences, and comorbidities.
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OBJECTIVE: The purpose of this study was to evaluate the predictive power of the screening questionnaires including Epworth Sleepiness 
Scale (ESS), Berlin questionnaire (BQ) and STOP-Bang questionnaire (SBQ) to identify the high-risk patients for OSA in a sleep clinic set-
ting considering age, gender and comorbidities.

MATERIAL AND METHODS: 1003 patients who admitted to our sleep center with the preliminary diagnosis of OSA between June 
2016- May 2018 were included in the study. All patients underwent in-lab polysomnographic examination and filled out ESS, Berlin and 
STOP-Bang questionnaires. Predictive parameters for each screening questionnaires were calculated.

RESULTS: For apnea-hypopnea index (AHI) ≥5/h, the sensitivity and the specificity of the EES, BQ and SBQ were 50.6%, 89.8%, 97.9% 
and 56.6%, 27.3%, 16.2% respectively. The STOP-Bang questionnaire had the highest sensitivity in both males and females (99.1%, 
94.8% respectively) and in the different age groups (97.3% for ≥45 age-group, 99.2% for ≥65 age-group). In the groups of patients with 
hypertension, diabetes mellitus, coronary artery disease, chronic obstructive pulmonary disease and asthma, the sensitivity of the STOP-
Bang questionnaire was 99.5%, 100%, 99.5%, 100%, 97.4%, respectively.

CONCLUSION: The STOP-Bang questionnaire had the highest sensitivity for detecting high-risk patients for OSA in a sleep clinic setting. 
STOP-Bang questionnaire was superior to the Berlin questionnaire and ESS in the different groups of age, gender, and comorbidities. 
Considering the close relationship between OSA and comorbidities, it is critical to screen patients in terms of OSA in outpatient clinics 
of internal medicine, cardiology, and chest disease departments. The STOP-Bang questionnaire, with its high sensitivity, may be useful for 
screening OSA. However, the low specificity should be improved in the questionnaire.
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MATERIAL AND METHODS

Subjects
This was a cross-sectional study. Adult patients who applied 
to the sleep center of Dr. Suat Seren Training and Research 
Hospital with the presumptive diagnosis of OSA between 
June 2016 and May 2018 were enrolled in the study. 
Inclusion criteria were as follows: age over 18 years, OSA 
symptoms (snoring and/or witnessed apnea and/or excessive 
daytime sleepiness), no previous diagnosis and treatment of 
OSA, no previous diagnosis of other sleep disorders, comple-
tion of questionnaires, personal constant for PSG examina-
tion, and participate in study. Patients who did not meet 
these criteria were excluded from the study. Additionally, 
patients with the sleep efficacy less than 60% at the PSG 
examination, who has other sleep disorders (central sleep 
apnea syndrome, sleep-related movement disorders, insom-
nia, parasomnias) active psychiatric disorder, and inability to 
complete questionnaires were also excluded from the study. 
History of chronic illness of all patients was recorded.

All patients underwent in-lab PSG examinations and com-
pleted the ESS, Berlin, and STOP-Bang questionnaires.

Screening Questionnaires
The ESS was originally designed to evaluate daytime sleepi-
ness. However, it has been recommended as a tool for 
screening OSA. The ESS is a questionnaire with eight ques-
tions and responses on a 4-point Likert format (0-3). The 
score ranges from 0 to 24 and ESS scores ≥10 indicate exces-
sive daytime sleepiness and high risk for OSA [9].

The BQ consists of 10 questions arranged in three categories. 
The first category comprises five questions about snoring and 
cessation of breathing, the second category comprises four 
questions about daytime sleepiness and fatigue/tiredness, 
and the last category comprises information about the pres-
ence of systemic arterial HT and obesity. Persistent symptoms 
(>3-4 times/week) in at least two or more questions are con-
sidered as positive for categories 1 and 2. The third category 
is considered positive if there is a history of high blood pres-
sure or a body mass index (BMI) >30 kg/m2. Patients with a 
positive score in two or more categories were defined as 
having high risk for OSA [10]. 

The STOP-Bang questionnaire was first developed to screen 
surgical patients for OSA [11]. It is now widely used in the 

general population, the sleep clinic population, and other 
different populations to identify high-risk patients for OSA. 
The STOP-Bang questionnaire comprises eight questions, 
four of which are subjective (snoring, tiredness, observed 
apnea, and high blood pressure), and four pertain to demo-
graphics (BMI >35 kg/m2, age >50 years, neck circumference 
>40 cm, and male gender). The total score ranges from 0 to 
8. Answering yes to three or more questions is considered as 
high risk for OSA [12]. We used valid Turkish versions of the 
three questionnaires [13-15].

In-Laboratory PSG
The diagnosis of OSA was made using in-lab polysomno-
graphic examinations (Comet Grass Telefactor, version 4.5.3). 
PSG included electroencephalography, electrooculography, 
submental electromyography, anterior tibialis electromyogra-
phy, electrocardiography, finger pulse oximeter, thoraco-
abdominal movements, airflow (nasal pressure cannula), oro-
nasal thermistor, and digital microphone for snoring detection. 
PSG recordings were analyzed by a physician experienced in 
sleep disorders using TWin EEG/PSG Software. Scoring of the 
sleep and respiratory events was performed according to the 
standard criteria of the American Academy of Sleep Medicine 
[16]. The apnea-hypopnea index (AHI) was defined as the 
total number of apnea and hypopnea events per hour. The 
diagnosis of OSA was defined by AHI. 

Statistical Analysis
The Statistical Package for Social Sciences version 25.0 (IBM 
SPSS Corp.; Armonk, NY, USA) software package was used to 
analyze the data. The demographic data are presented with 
descriptive statistics. Numeric data are given as mean±standard 
deviation (SD), and frequency data are given as number and 
percentage (%). The concordance of numeric variables with 
normal distribution was evaluated using the Shapiro-Wilk 
test. For data with normal distribution, Student’s t test was 
used to compare two groups. Cross tabulation was used for 
categorical data and Chi-square analysis was performed. 
PSG was considered as the gold standard and the sensitivity, 
specificity, positive predictive values (PPVs), negative predic-
tive values (NPVs), likelihood ratio positive (LR+), and likeli-
hood ratio negative (LR-) values of the ESS, BQ, and STOP-
Bang questionnaires according to specific cut-off values 
were calculated. Receiver-operating characteristic (ROC) 
curves were constructed to assess the ESS, BQ, and STOP-
Bang questionnaires regarding their likelihood to predict 
high risk for OSA. Correlation between the questionnaires 
was analyzed using Spearman’s correlation coefficient. 
Multiple logistic regression analysis was performed to iden-
tify risk factors that affected OSA. All tests were two-sided 
and statistical significance was assumed when p<0.05. 

The study was performed in accordance with the criteria of 
the Declaration of Helsinki. The study was approved by the 
local research ethics committee (Date: 12.05.2016, Number: 
5300). All participants included in the signed a written 
informed consent form.

RESULTS

A total of 1,003 patients were included in the study, compris-
ing 698 (69.6%) males and 305 (30.4%) females. The mean 

MAIN POINTS

• Compare to Epworth Sleepiness Scale (ESS) and Berlin 
Questionnaire (BQ), STOP-Bang questionnaire had the 
highest sensitivity for detecting high-risk patients for 
obstructive sleep apnea (OSA) in a sleep clinic setting. 

• STOP-Bang questionnaire was also superior to the BQ and 
ESS in the different groups of age, gender, and comorbidities 
including hypertension, diabetes mellitus, coronary artery 
disease, chronic obstructive pulmonary disease, and asthma. 

• The STOP-Bang questionnaire, with its high sensitivity, may 
be useful for screening OSA. However, modifications must 
be made to increase its specificity. 
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age of the study population was 50.65±11.38 years. Table 1 
demonstrates the demographic and anthropometric charac-
teristics of the study population. According to the PSG 
results, 229 patients (22.8%) had mild OSA (AHI=5-14.9), 
256 (25.52%) had moderate OSA (AHI=15-29.9), and 419 
(41.74%) patients had severe OSA (AHI≥30). In total, 
90.12% of the study population had an AHI≥5 events/h.

Using a cut-off of AHI≥5 events/h, the sensitivity of the ESS, 
Berlin, and STOP-Bang questionnaires was 50.6%, 89.8%, 
and 97.9%, respectively. The STOP-Bang questionnaire had 
the highest sensitivity, but also the lowest specificity. The sen-
sitivity and specificity were calculated for AHI≥15 events/h but 
yielded similar results to AHI≥5 events/h (Table 2).

When the discriminative power of the questionnaires was 
evaluated considering the gender differences, the STOP-Bang 
questionnaire had the highest sensitivity in both males and 
females (99.1% and 94.8, respectively; Table 3). The ESS had 
the highest specificity in both genders (60.9% males and 
52.6% females).

Table 4 shows the predictive parameters for the ESS, Berlin, 
and STOP-Bang questionnaires in the different age groups. 
The questionnaire with the highest sensitivity in the patient 
group aged 45 years and older was the STOP-Bang (97.3%). 
This was followed by the BQ and ESS. In the group of patients 
aged 65 years and older, it was observed that there was a 
decrease in the sensitivity of the BQ and ESS, whereas the 
sensitivity of the STOP-Bang increased to 99.2%.

Table 5 shows the sensitivity and specificity values of the ESS, 
Berlin, and STOP-Bang questionnaires in the groups of 
patients with and without comorbidities. Of the study popula-
tion, 389 patients had HT, 237 patients had diabetes mellitus 

Table 1. Demographic and anthropometric characteristics 
of the study population (n=1,003; data are depicted as 
mean [SD] or number [%])

Variables AHI<5 AHI≥5 p

Number (%) 99 (9.88) 904 (90.12) 

Male gender, N (%) 46 (46.5) 652 (72.1) <0.001

Age, year, mean (SD) 44.2 (11.1) 51.3 (11.1) <0.001

BMI, kg/m2, mean (SD) 29 (5.6) 32.5 (5.9) <0.001

Neck circumference, cm,  39.1 (3.03) 41.6 (3.3) <0.001 
mean (SD) 

Smoker, N (%) 45 (45.5) 381 (42.1) 0.527

Comorbidities, N (%)

   Hypertension 24 (24.2) 365 (40.4) 0.002

   Diabetes mellitus 14 (14.1) 223 (24.7) 0.010

   CAD 7 (7.1) 117 (12.9) 0.092

   CHF 0 (0) 24 (2.7) 0.101

   Valvular heart disease 3 (3) 23 (2.5) 0.773

   Arrhythmia 8 (8.1) 69 (7.6) 0.874

   Asthma 6 (6.1) 78 (8.6) 0.381

   COPD 6 (6.1) 84 (9.3) 0.285

   CRF 0 (0) 10 (1.1) 0.293

   SVD 1 (1) 10 (1.1) 0.931

   Hypothyroidism 6 (6.1) 84 (9.3) 0.764

   Depression 16 (16.2) 60(6.6) 0.001

   Cancer 3 (3) 11 (1.2) 0.144

BMI: body mass index; CHF: congestive heart failure; COPD: chronic 
obstructive pulmonary disease; CRF: chronic renal failure; CAD: 
coronary arterial disease; SVD: cerebrovascular disease

Table 2. Predictive parameters for the ESS, Berlin, and 
STOP-Bang questionnaires for OSA

  ESS  Berlin STOP-Bang 
Variables (%)  (%) (%) 

AHI≥5 events/h

   Sensitivity 50.6 89.8 97.9

   Specificity 56.6 27.3 16.2

   PPV 91.4 91.9 91.4

   NPV 11.1 22.7 45.7

   LR positive 1.165 1.235 1.168

   LR negative 0.872 0.373 0.129

AHI≥15 events/h

   Sensitivity 53.9 89.3 98.5

   Specificity 58.5 14.3 7.6

   PPV 72.8 68.2 68.7

   NPV 38.2 39.5 71.4

   LR positive 1.301 1.042 1.066

   LR negative 0.788 0.748 0.197

ESS: Epworth Sleepiness Scale; PPV: positive predictive value; NPV: 
negative predictive value; LR: Likelihood ratio

Table 3. Predictive parameters for the ESS, Berlin, 
STOP-Bang Questionnaires for OSA (AHI≥5 events/h), 
considering gender differences

 ESS  Berlin STOP-Bang 
Variables (%)  (%) (%)

Male gender

   Sensitivity 53.7 89.9 99.1

   Specificity 60.9 30.4 8.7

   PPV 95.1 94.8 93.9

   NPV 8.5 17.5 40

   LR positive 1.373 1.291 1.085

   LR negative 0.760 0.332 0.103

Female gender

   Sensitivity 42.5 89.7 94.8

   Specificity 52.8 24.5 22.6

   PPV 81.1 85 85.4

   NPV 16.2 33.3 48

   LR positive 0.900 1.190 1.224

   LR negative 1.089 0.420 0.230

ESS: Epworth Sleepiness Scale; PPV: positive predictive value; NPV: 
negative predictive value; LR: Likelihood ratio
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(DM), 124 patients had CAD, 90 patients had chronic obstruc-
tive pulmonary disease (COPD), and 84 patients had asthma. 
In total, 362 (36%) patients had no additional disease. 
Questionnaires were individually evaluated in the groups with 
HT, DM, CAD, COPD, and asthma. The STOP-Bang question-
naire had the highest sensitivity in all groups, regardless of the 
presence of comorbidities. This was followed by the BQ. 
When multiple logistic regression analysis was performed by 
adding all comorbidities, HT was found to increase the risk for 
OSA 2.03 times (95% confidence interval [CI]: 1.20-3.43, 
P=0.008) independent of additional diseases. 

In all analyses, STOP-Bang questionnaire had the highest sen-
sitivity, whereas its specificity was generally low. Therefore, 
some analyses were performed using different thresholds for 
STOP-Bang (see Table 6). When the STOP-Bang score thresh-
old was 4 and above, the sensitivity was found as 74.6%, 
specificity 63.6%, PPV 94.9, and LR+ 2.049 for AHI≥5 
events/h. When the STOP-Bang score threshold was raised to 
5 and above, specificity (87.9%) showed an increase, but there 
was a significant decrease in sensitivity (45%). 

As an alternative to the questionnaires, we evaluated the 
predictive values for high-risk OSA when the three basic 
OSA symptoms (snoring, witnessed apnea, and daytime 
sleepiness) were all positive. When the three symptoms were 
positive, sensitivity was 74.8%, specificity 47.5%, PPV 
92.9%, NPV 17.1%, LR+ 1.424, and LR- 0.530, for AHI≥5 
events/h. The sensitivity and specificity were 76.7% and 
36% for AHI≥15 events/h, respectively.

ROC curves for the ESS, Berlin, and STOP-Bang question-
naires were constructed (see Figure 1). The area under the 
ROC curve (AUC) (95% CI) for the ESS, Berlin, and STOP-

Bang was 0.565 (95% CI 0.506-0.624), 0.637 (95% CI 
0.576-0.697), 0.763 (95% CI 0.713-0.814), respectively (for 
AHI≥5 events/h). The Spearman’s correlation coefficient 
between the ESS and BQ, the ESS and STOP-Bang, and BQ 
and STOP-Bang were 0.20, 0.21, and 0.46, respectively 
(p<0.001). 

DISCUSSION

In this study, we evaluated the diagnostic power of screening 
questionnaires including the ESS, Berlin, and STOP-Bang to 
identify high-risk patients for OSA in a sleep clinic setting. In 
addition, we also assessed the predictive value of the ques-
tionnaires considering age, gender differences, and comor-

Table 4. Predictive Parameters for the ESS, Berlin, and 
STOP-Bang Questionnaires for OSA (AHI≥5 events/h), 
considering age (≥45 y and ≥65 y)

 ESS  Berlin STOP-Bang 
Variables (%)  (%) (%)

Age≥45 y

   Sensitivity 45.8 88.3 97.3

   Specificity 40.9 12.3 5.2

   PPV 63.6 69.5 69.8

   NPV 25 31.9 45.7

   LR positive 0.774 1.006 1.026

   LR negative 1.325 0.951 0.519

Age≥65 y

   Sensitivity  42.5 82.5 99.2

   Specificity 49.2 11.1 3.9

   PPV 10.2 11.2 12.3

   NPV 86.3 82.4 97.1

   LR positive 0.836 0.928 1.032

   LR negative 1.195 1.576 0.205

y: years.
ESS: Epworth Sleepiness Scale; PPV: positive predictive value; NPV: 
negative predictive value; LR: Likelihood ratio

Table 5. Predictive parameters for the ESS, Berlin, STOP-
Bang questionnaires for OSA in patients with and without 
comorbidities

 ESS  Berlin STOP-Bang 
Variables (%)  (%) (%)

No comorbidity (n=362)

   Sensitivity 47.9 84.6 96.6

   Specificity 63.2 42.1 21.1

   PPV 91.7 92.6 91.3

   NPV 12.4 24.2 42.1

Hypertension (n=389)

   Sensitivity 52.1 94.5 99.5

   Specificity 45.8 8.3 4.2

   PPV 93.6 94 94

   NPV 5.9 9.1 33.3

DM (n=237)

   Sensitivity 56.5 91.9 100

   Specificity 42.9 21.4 0

   PPV 94 94.9 94.1

   NPV 5.8 14.3 0

CAD (n=124)

   Sensitivity 55.6 89.7 99.5

   Specificity 57.1 0 4.2

   PPV 95.6 93.8 94

   NPV 7.1 0 33.3

COPD (n=90)

   Sensitivity 52.4 92.9 100

   Specificity 83.3 33.3 16.7

   PPV 97.8 95.1 94.4

   NPV 11.1 25 100

Asthma (n=84)

   Sensitivity 55.1 92.3 97.4

   Specificity 33.3 16.7 0

   PPV 91.5 93.5 92.7

   NPV 5.4 14.3 0

ESS: Epworth Sleepiness Scale; PPV: positive predictive value; NPV: 
negative predictive value; DM: Diabetes mellitus; CAD: Coronary 
artery disease; COPD: Chronic obstructive pulmonary disease
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bidities. It was clearly shown that the STOP-Bang question-
naire had excellent sensitivity for detecting high-risk patients 
for OSA, even in the different groups of age, gender, and 
comorbidities. However, the low specificity should be 
improved in the questionnaire.

When the cut-off for the diagnosis of OSA was regarded as 
AHI≥5, STOP-Bang had the highest sensitivity, AUC, and PPV 
(97.9%, 0.763 (95% CI 0.713-0.814), 91.4%, respectively). 
In the study by Pataka et al. [17], which examines patients 
admitted to a sleep clinic, the STOP-Bang had the highest 
sensitivity (97.6%), the largest AUC (0.73; 95% CI 0.7-0.76), 
and best OR (5.9; 95% CI 3.6-9.5), but the lowest specificity 
(12.7%) for AHI≥15. Similarly, in the study conducted by 
Kim et al. [7], the STOP-Bang questionnaire had the highest 
sensitivity, but its specificity was very low. In another study, 
the sensitivity and specificity for the screening tools were as 
follows: Berlin 88% and 25%, STOP-Bang 90%, and 25%, 
respectively [18]. The results in the literature are consistent 
with the results of our study.

Considering age and gender, our results demonstrated that 
STOP-Bang had the highest sensitivity for predicting OSA. 
STOP-Bang questionnaire was followed by the BQ in terms 
of sensitivity in both gender and age groups. The sensitivity 
of STOP-Bang was higher in the male gender than in the 
female gender. The fact that male gender is a variable of the 
STOP-Bang questionnaire may have affected this situation. In 
the study conducted by Mou et al. [19], the efficacy of the 

STOP-Bang questionnaire was evaluated in identifying high-
risk OSA patients with consideration to gender differences. 
As a result, the specificity was found to be low, especially in 
men, and alternative models were recommended [19]. The 
specificity of STOP-Bang was also lower in male gender than 
in female gender according to our data. When the age vari-
able was evaluated, STOP-Bang had the highest sensitivity in 
patients older than 65 years.

The presence of comorbidities can affect the performance 
of diagnostic tests [20]. In our study, the efficacy of the ESS, 
Berlin, and STOP-Bang questionnaires in the patient groups 
with and without comorbidities was examined. STOP-Bang 
was found to have the highest sensitivity in the analyses 
based on comorbidities. STOP-Bang is highly successful in 
identifying high-risk patients in terms of OSA in HT, DM, 
CAD, asthma, and COPD groups, as well as in the non-
comorbidity group. The results were excellent in terms of 
sensitivity, but the specificity rates were not at the accept-
able levels. To our knowledge, this study is the first to assess 
different comorbidities, screening questionnaires, and OSA 
altogether. In a study conducted to determine the best 
screening questionnaire for OSA in patients with COPD, the 
sleep apnea clinical score, ESS, and BQ were performed, 
and the sensitivity rates were reported as 60%, 40%, and 
60%, respectively [21]. Lu et al. [22] assessed the predic-
tive performance of the Berlin and STOP-Bang question-
naires for OSA in patients with asthma. It was demonstrated 
that STOP-Bang questionnaire had better predictive perfor-

Table 6. Predictive parameters for various STOP-Bang thresholds to predict OSA

                             STOP-Bang≥3                              STOP-Bang≥4                        STOP-Bang≥5

Variables AHI ≥5 AHI ≥15 AHI ≥5 AHI ≥15 AHI ≥5 AHI ≥15

Sensitivity (%) 97.5 98.5 74.6 77.3 45 49.8

Specificity (%) 16.2 7.6 63.6 42.7 87.9 74.7

PPV (%) 91.4 68.7 94.9 73.5 97.1 80.2

NPV (%) 45.7 71.4 21.5 47.8 14.9 42

LR positive 1.163 1.066 2.049 1.349 3.719 1.968

LR negative 0.154 0.197 0.399 0.531 0.625 0.672

PPV: positive predictive value; NPV: negative predictive value; LR: Likelihood ratio

Figure 1. a-c. Receiver operator characteristic (ROC) curves for Epworth Sleepiness Scale (a), Berlin (b), and STOP-Bang questionnaires for 
AHI≥5/h (c)

a b c
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mance than the BQ for identifying moderate and severe 
OSA in patients with asthma. Margallo et al. [23] evaluated 
the performance of the BQ in patients with resistant HT in 
detecting OSA and revealed that the BQ had low accuracy 
in detecting patients with OSA. Contrary to these data, in 
this study, the BQ had high sensitivity for predicting OSA in 
patients with HT. In another study, the STOP-Bang question-
naire was performed for screening OSA in patients with 
metabolic syndrome and the sensitivity and specificity were 
found as 86.36% and 50.94%, respectively [24]. In our 
study, HT was found to double the risk for OSA in multiple 
logistic regression analysis including additional diseases. 
Today, the association between OSA and HT is clearly pre-
sented. The Wisconsin Sleep Cohort Study showed that 
moderate or severe OSA had a 3-fold increased risk for the 
presence of HT [25]. 

For most diagnostic tools such as STOP-Bang, there is a trad-
eoff between sensitivity and specificity. As the cut-off value 
shifts to increase specificity, sensitivity decreases. In this 
study, when the STOP-Bang score threshold was raised from 
≥3 to ≥4, the sensitivity decreased to 74.6% and the specific-
ity increased to 63.6% (AHI≥5 events/h). Although the sensi-
tivity was in an acceptable range despite the decrease, there 
was a marked increase in the specificity. When the STOP-
Bang score threshold of ≥3 and ≥4 were compared in terms 
of PPV and LR+, PPV increased from 91.4% to 94.9% and 
LR+ from 1.163 to 2.049. Sensitivity sharply decreased for 
thresholds of 5 and above.

What happens when we question only three basic symptoms 
(snoring, witnessed apnea, and excessive daytime sleepiness) 
of OSA instead of surveys? As it was demonstrated, even the 
presence of three basic OSA symptoms was more predictive 
than the ESS in predicting OSA. In a study conducted by 
Ulasli et al., ESS was found to be a weak predictor for OSA 

[26]. In studies involving patient populations admitted to 
sleep clinics, sensitivity and specificity values for the ESS 
ranged from 31.3% to 72.55%, and from 53.3% to 75% for 
AHI≥5 events/h, respectively [17, 27-29]. Except for the 
study conducted by El-Sayet et al. [27], the ESS seems to be 
a poor questionnaire for predicting OSA, as it was in our 
study. The ESS was originally designed to assess the risk of 
daytime sleepiness, and maybe it should remain as such. 

There are notable limitations to our study. Our study popula-
tion consists of patients who were admitted to a sleep clinic. 
It will not be appropriate to reflect our results to the general 
population. Although the prevalence of OSA was high in the 
sleep clinic population, the number of patients with AHI≤5 
events/h remained relatively low. Therefore, the characteris-
tics of the false-negative patient group were not compared 
with other groups. Additionally, it should be addressed that 
there are also some limitations regarding screening tools 
design and cultural adaptation to Turkish people, such as the 
question regarding falling asleep while waiting for the traffic 
light while driving in the Epworth scale and BQ is not entire-
ly consistent with the current situation in Turkey. Patients 
who do not drive cannot answer these questions.

In conclusions, the STOP-Bang questionnaire had the highest 
sensitivity for detecting high-risk patients for OSA in a sleep 

clinic setting. Furthermore, the STOP-Bang questionnaire 
was superior to the BQ and ESS in the different groups of age, 
gender, and comorbidities including HT, DM, CAD, COPD, 
and asthma. Considering the close relationship between OSA 
and comorbidities, it is critical to screen patients in terms of 
OSA in outpatient clinics of internal medicine, cardiology, 
and chest disease departments. The STOP-Bang question-
naire, with its high sensitivity, may be useful for screening 
OSA. However, modifications must be made to increase its 
specificity. Increasing the STOP-Bang score threshold from 3 
to 4 for high-risk OSA might be an alternative.
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